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Abstract. — A method of determination of the effective temperature of B, A and F main sequence stars is proposed,
using the slope of the: continuum between 3200 A and 3600 A. The effective temperature calibration is based on a
sample of stars with energy distributions known from UV to the red. We have determined the Balmer jump and the
effective temperatures for 235 main sequence stars. The temperatures found have been compared with those derived
by Underhill et al. (1979), Kontizas & Theodossiou (1980), Theodossiou (1985), Morossi & Malagnini (1985). The
comparison showed good agreement for most of the stars in common. On the other hand, the temperatures derived
from the reddening-free colour factor QUV, from the colour index (m1965—V) and from (B — V), given in Gulati et
al. (1989), are systematically lower than our temperatures, however the differences are within one-sigma. error.

Key words: stars: atmospheres — stars: early-type — stars: fundamental parameters

1. Introduction

Most of our knowledge about stellar atmospheres comes
from basic physical parameters for individual stars such as
effective temperature (Teq) and surface gravity. Accurate
T are needed for locating stars on the HR diagram, and
for abundance determinations.

In principle, the effective temperature of a star is de-
rived from the integration of flux per unit area of stellar
surface on the basis of the spectral energy distribution
from the ultraviolet to the infrared. Additionally, we need
to know the distance, the angular diameter and the inter-
stellar extinction for the star.

In the visible part of the spectrum numerous tools
are available to determine T, including the slope of the
Paschen continuum or colour photometry, and the Balmer
jump in hot stars.

Ultraviolet fhuxes are very important for deriving Teg
of early-type stars since most of their energy is emit-
ted in this wavelength range, which is inaccessible to
ground-based observations. Several calibrations of Teg us-
ing visible-ultraviolet (V-UV) colour indices have been
published (Malagnini et al. 1984; Lanz 1985; Theodossiou
1985; Gulati et al. 1989). In the last paper the authors
have shown that V-UV colour indices depend upon the

*Table 3 is also available in electronic form at the CDS via
anonymous ftp 130.79.128.5

interstellar extinction law, which in the far-UV region of
the spectrum shows variations from region to region of
the sky (Meyer & Savage 1981). Unlike the far-UV spec-
tral region, the interstellar extinction law appears to be
less variable in the Balmer continuum between 3200 A and
3600 A although this spectral region is affected by atmo-
spheric extinction. However, if we use observational data
which are very accurately corrected for atmospheric ex-
tinction, then we can use the Balmer continuum between
3200 A and 3600 A in order to derive the effective temper-
atures of the stars.

In this paper we will discuss the determination of
the effective temperatures of B, A and F main sequence
stars, using the slope of the Balmer continuum between
3200 A and 3600 A. We will also derive the Balmer jump
discontinuity for all of the stars in the sample. This study
is based on ground-based observations of the stars mea-
sured by Pulkovo astronomers, covering both northern and
southern hemispheres (Alekseev et al. 1978; Alekseeva et
al. 1992), as described in Sect. 2. The method of deter-
mination of the slope in the Balmer continuum and the
reduction for interstellar extinction are discussed in Sects.
3 and 4, respectively. The calibration of the slope @, vs
O is presented in Sect. 5. The principal results and dis-
cussion are presented in Sect. 6.
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2. Source of the data

Stars were selected from two catalogues of low-resolution
spectra, which were observed by Pulkovo astronomers
(Alekseev et al. 1978; Alekseeva et al. 1992). These
catalogues archieved at the Pulkovo Observatory on
a PC, include the spectra of approximately 500 stars
with V < 6.5™, in the wavelength region from 3100 A to
7400 A with a step of 25 A for stars of both the northern
and the southern hemispheres.

The observations were obtained with the SF-68 spec-
trophotometer mounted on the AZT-7 telescope, which
makes it possible a sensitive control of the instrumen-
tal system before and after the observation of each star.
The spectra were corrected for atmospheric extinction and
transformed into absolute units. The atmospheric extinc-
tion was measured every night and the time-dependent
curve for every night was found using the Nikonov method
(Nikonov & Nikonova 1952) for atmospheric extinction
correction. The energy distribution for each star is the
mean energy distribution, taken, as a rule, out of 4 — 6
separate observations of the star in different observing ses-
sions. The accuracy of the spectrophotometric catalogues
is no worse than 2—3% in the visible region and ~5% in
the near-UV (Hagen-Torn & Ruban 1982). The very accu-
rate observational data allowed us to use the wavelength
region from 3200 A to 3600 A to determine accurately the
slope of the continuum for B, A and F main sequence stars
as described in the next section.

In the first catalogue (Alekseev et al. 1978) the en-
ergy distribution of Vega in the absolute flux calibration
of Oke & Schild (1970) was used. In the second catalogue
(Alekseeva et al. 1992) the energy distribution of Vega in
the absolute flux calibration by Hayes (1985) was used. To
ensure compatibility, we have reduced the energy distri-
bution of all stars to the Hayes (1985) absolute flux cal-
ibration. From this resulting data base, we have selected
the stars of B, A and F spectral classes, while discarding
the following objects:

— supergiants (luminosity classes I and II),

— unresolved double stars with AV < 4™,

— variable stars (the criterion was a photometric variation
of AV > 0™05),

— peculiar Am, Ap stars (identified in the General Cata-
logue of Ap and Am stars by Renson et al. (1991)) and Be
stars (identified in the Catalogue of Be stars of Jaschek &
Egret 1982).

For each star of our sample we obtained the E(B— V)
value using values of B — V taken from the Bright
Star Catalogue (Hoffleit & Jaschek 1982) and values of
(B — V), taken from the tabulation of Straizys (1977).
Among the selected stars, we have found stars with neg-
ative values of E(B — V). In the following analysis, we
decided to include these stars in our study, because the
small errors in spectral classification may lead to large er-
rors in (B — V), and plus the errors in values of B — V

N.A. Sokolov: The determination of Tes of B, A and F main sequence stars

may change the determined value of E(B — V) by as
much as 0.03. On the other hand, these stars can have
energy distribution different from normal stars in the vis-
ible region of the spectrum and same energy distribution
in the Balmer continuum near the Balmer jump. For all
stars with E(B — V) < 0.00, we assume that the observed
(B — V) is equal to the intrinsic (B — V)g, so that the
colour excesses in these cases are set to zero and the obser-
vations are not corrected for interstellar extinction. Stars
with E(B — V) > 0.25 are excluded.

In the final list we have selected a total of 235 B, A
and F main sequence stars. The selected stars are listed
in Table 3 together with their spectral class and colour
excess E(B — V).

3. Description of the method

In this section we discuss the method used to derive the
effective temperatures of the stars by using the slope of
the Balmer continuum between 3200 A and 3600 A. The
actual energy distribution of main sequence stars is influ-
enced by the frequency dependence of the absorption co-
efficient, which, in the ultraviolet, is mainly due to Balmer
hydrogen and metallic continua as well as to metallic
lines for stars of the spectral classes A7 - F9. However,
the absorption coefficient in the wavelength region from
3200 A to 3600 A is not strongly dependent on the fre-
quency. Therefore, the slope of the continuum in the wave-
length region from 3200 A to 3600 A will be a function
of T.¢ only. To further investigate this idea, we decided
to use the extensive grids of stellar models computed by
Kurucz (1979), including atomic line blanketing for solar
abundance and for metal-rich atmospheres. These mod-
els show that the visible colours of the log ¢ = 4 mod-
els normalized at 1.8 um~! can be used to determine
Teqr from spectrophotometry. As we can see in Fig. 19 of
Kurucz (1979), there is a dramatic change with temper-
ature of the slope in the Balmer continuum between
3200 A and 3600 A .

Based on this model prediction, as well as on the fact
that interstellar extinction law varies slowly from region to
region on the sky in this spectral region, we decided to use
the slope in this spectral region to determine the effective
temperatures of B, A and F main sequence stars. In this
region a relative increase of the slope of the Balmer con-
tinuum with increasing effective temperature is expected.

In order to determine the slope of the Balmer con-
tinuum between 3200 A and 3600 A we use the following
formula:

Amy = Ty + &, - (1/7)

(1)
where Amy = m, —M oA the parameter @, is the slope
of the Balmer continuum and ¥, is the constant term of

the linear approximation, when the label u refers to the
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Fig. 1. a) The energy distribution in magnitudes for HR 3982
(sp- B7 V) is plotted, together with the two curves fitted in
the Balmer & Paschen continua, respectively. The size of the
Balmer jump is shown by a vertical line

I
©
N
T T T T T

0.0

TSNS T EN T SO T N S W 1

0.2

| W TR W N

0.4

| I T T |

0.6

NN BN B B B B S B B B B R R

-
n
N
o

1/ (um1)

Fig. 1. b) Same as 1a) for HR 5404 (sp: F7 V)

U band. The values of the parameters and related errors
(0w, 04) can be found from the least-squares method.

First, the energy distribution of the stars is reduced
to absolute units by referring it to the absolute en-
ergy calibration of the primary standard star Vega by
Hayes (1985). Care was taken to use the same absolute
calibration of Vega for both catalogues from which we
draw our sample, since significant systematic differences
are known to exist between different such calibrations
(Hagen-Torn & Ruban 1982).
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For determination of the shape of the continuum at
both sides of the Balmer jump, we used an iterative pro-
cedure that permits us to exclude absorption lines. For
each star, the procedure consists of the following steps:
a) using the least-squares method we compute the values
of the parameters of the Balmer continuum (linear ap-
proximation) and of the Paschen continuum (a nonlinear
approximation of the form Amy= a + 8-A~7, where ¢, 8
and vy are determined from the least-squares fit);

b) compute the deviations of the observational data from
the fitted curve and discard all points lying below the fit-
ted curve with deviations bigger than the observational
error. These excluded points are never used again;

c) go back to step (a) unless no points were excluded at
step (b).

For the majority of our stars of spectral classes B - A,
the influence of the absorption lines is negligible and only
for stars of spectral classes A7 - F9 the continuum can be
seriously affected by the lines. Figure 1 shows the observed
energy distribution and the fitted curves of the Balmer and
Paschen continuum as a function of wavenumber for the
typical case of the star HR 3982 of spectral class B7 V
(Fig. 1a) and for the extreme case of the star HR 5404
of spectral class F7V (Fig. 1b). As we can see for the
star HR 3982, the Balmer continuum is not affected by
the absorption lines and the Paschen continuum is only
partly affected by the Balmer lines. However, for HR 5404
it is very difficult to determine the true continuum at both
sides of the Balmer jump, but the shape of the continuum
found by the algorithm seems to be quite satisfactory.

The Balmer jump discontinuity is one of the key pa-
rameters for stellar spectra of early and intermediate spec-
tral types. Empirical data on this parameter are essen-
tial for comparisons with stellar energy distribution data
obtained from model atmospheres. Moreover, the Balmer
jump is used for stellar classification in a wide variety
of photometric and spectrophotomertic classification sys-
tems. Using our method, we calculate the size of the
Balmer jump, D, by extrapolating the two fitted curves
to A = 3700 A. D is defined as:

F3700+
D =log (W)

where F8790— and F8700+ are the fluxes at A = 3700 A of
the Balmer continuum and Paschen continuum respec-
tively. The resulting values are given in Cols. 5 of
Table 3.

(2)

4. Correction for interstellar extinction

Most of the previous determinations of T.g used the mean
interstellar extinction curve from the visible to the far-UV
spectral regions in order to correct the stellar energy dis-
tributions for interstellar extinction (Underhill et al. 1979;
Malagnini et al. 1983; Theodossiou 1985). However, this
assumption is applicable only to the visible spectral region
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and not always to the far-UV. Meyer & Savage (1981) have
shown that the interstellar extinction law in the far-UV
can change from region to region of the sky. They have
divided all sky into 12 regions and have computed the av-
erage interstellar extinction curve for each region by using
the five-band UV photometry for 1347 stars observed by
the Astronomical Netherlands Satellite (ANS).

Practically, in the case of the near-UV between
3200 A and 3600 A we can only use the mean interstel-
lar extinction curve, because the ANS data have only one
point in the spectral region of interest here and therefore
we can not determine the slope of the interstellar extinc-
tion curve. On the other hand, we can compute the rela-
tive errors of the slopes of the interstellar extinction curve
from region to region of the sky by averaging the slopes of
the 12 regions and deriving the standard deviation from
the mean in the far-UV and afterwards extrapolate these
errors into the near-UV. In this case we can approximately
estimate the possible variance of the slope of the interstel-
lar extinction curve from region to region of the sky in the
near-UV. In order to make this estimation, we used the
data of Table 3 from Meyer & Savage (1981). So, we calcu-
lated the values of the slopes of the interstellar extinction
curve S(15-18), S(18-22), S(22-25) and S(25-33) normal-
ized to E(B — V) =1 and AX"! =1 for each region of
the sky using Eq. (3):

E(\1 = A9)
E(B - V)AX™!

The values of the mean slope S(A;—Az), standard de-
viation o5 and relative error ) = 05 / | S(A1—A2)| were
calculated by using the values of the slopes for all the 12
regions of the sky, according to the standard propagation
theory of errors and are presented in Table 1. From this ta-
ble we can see that the relative errors change dramatically
from the near-UV (5.52%) to the far-UV (53.95%). This
fact can also be seen in Fig. 6 of Meyer & Savage (1981)
where the normalized curves of the interstellar extinc-
tion for stars exhibiting peculiar extinction are given. We
have found very good correlation between log(ore) and
wavenumber. A linear regression gives the following re-
lation log(ore1) = 0.389A~! — 0.607, with a linear correla-

S —A2) = 3)

Table 1. The slopes of the interstellar extinction curve in the
ultraviolet region of spectra (see text)

Name A1 A1 Mean og Orel

(pm=1) (um~1) slope (%)
S(15-18) 5.97 0.90 0.443 0.239 53.95
S(18-22) 5.00 1.01 -1.632 0.335  20.53
S(22-25) 4.26 0.53 4.340 0500 11.52
S(25-33) 3.45 0.98 2.155 0.119 5.52
S(32-36) 2.94 0.35 1.388* 0.048 (3.45)
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tion coefficient of r = 0.941. This formula was extrapo-
lated to A = 3400 A, central wavelength of our spectral
region, giving the value of 3.45% for the relative error.
Also we can determine the mean slope of the interstellar
extinction curve in our spectral region by using the mean
interstellar extinction law of Straizys (1977) (in Table 1
marked by *) and find the standard deviation og of the
mean slope of the interstellar extinction curve in our spec-
tral region. Our estimate shows that there is a very small
variation (o5 = 0.048) in the slope of the interstellar ex-
tinction curve in the spectral region between 3200 A and
3600 A in different directions of the sky. This fact allows
us to use the mean interstellar extinction law in order to
correct the observational slopes of the stellar spectra for
interstellar extinction.

In order to evaluate the effect of the errors in E(B— V)
on the determination of the slope in the Balmer contin-
uum, a preliminary test was performed. This test shows
that for stars with small interstellar reddening (E(B —
V) < 0.1) this effect is negligible, and only for stars with
E(B-V) > 0.1 it becomes important. As an example, the
observed energy distribution of the star HR 5993 not cor-
rected for reddening together with the reduced data for the
three cases with F(B — V) = 0.18, 0.21 and 0.24 and the
adopted interstellar extinction law with E(B — V) = 0.21
are plotted in Fig. 2. From this figure we can see, that the
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Fig. 2. The energy distribution in magnitudes for the reddened
star HR 5993 Sp: B1 V (b) is plotted, together with the adopted
interstellar extinction curve (a), and reduced energy distribu-
tions corresponding to E(B—V)=0.18 (c), E(B—V)=0.21 (d),
and E(B-V)=0.24 (e)

energy distributions for this star show a large variations
in the Balmer continuum, while the influence of different
values of E(B — V') on the slope in the Balmer continuum
is rather small. Anyway, for the stars with high E(B— V)
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values, we have taken into account the errors, both in the
interstellar extinction law (0s = 0.048) and in E(B — V)
(cg = 0.03), in calculating the errors in Teg (see Eq. (7)).

All the stars in our sample have small values of
E(B — V) and only six stars have E(B — V) > 0.1. Since
the observational errors in (B — V') and (B — V), are al-
most on the same order as that of E(B — V'), zero redden-
ing has been adopted for the stars with E(B— V) < 0.03.
In the cases when the values of E(B — V) > 0.03, we have
corrected the energy distribution of the stars for interstel-
lar extinction using the mean interstellar extinction law
of Straizys (1977) and the colour excess E(B — V) of the
stars.

5. Temperature calibration
5.1. Selection of temperature standards

The total flux F emitted by the stellar surface is related
to the observed flux f measured outside the earth’s atmo-
sphere by

d\?® 4f

F=f (R‘) =5 (4)
(d: distance of the star, R: stellar radius, 6: angular diame-

ter). Once the total flux F is known, the effective temper-
ature T.g can be directly calculated from its definition:

F
p— & —_—
Teg = >

(5)

Hanbury Brown et al. (1974) measured angular diam-
eters 6 for 32 stars with an intensity interferometer at the
Narrabri Observatory. These measurements were used by
Code et al. (1976) and by Beeckmans (1977) to determine
Teg from Egs. (4) and (5) for these stars. This method is
known as the direct method (B6hm-Vitense 1981), since
the absolute fluxes per unit area of stellar surface are com-
puted using the directly observed apparent angular diam-
eters. This is the best method, since it fits in very well
with the definition of effective temperature, but, on the
other hand, it has a practical limitation due to the small
number of stars for which observed apparent angular di-
ameters are available.

Another method was used by Malagnini et al. (1986)
who fitted model spectra to observed spectra by varying
Ter, g and 6, and derived the temperature from 0 and the
integrated flux using Eqs. (4) and (5). Since this method
uses the full range of the spectra in order to obtain 6, the
influence of some wrongly calibrated fluxes is minimized.

In order to determine the angular diameter and ef-
fective temperature of stars with unknown diameter,
Blackwell & Shallis (1977) developed the infrared flux
method (IRFM). The ratio of the total integrated flux
to a monochromatic integrated flux, which is only weakly
dependent on temperature, is used to determine the an-
gular diameter and effective temperature simultaneously
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by means of an iterative procedure. A detailed descrip-
tion of this method is given in Remie & Lamers (1982).
Though often used (e.g. Blackwell & Shallis 1977;
Underhill et al. 1979; Remie & Lamers 1982; Leggett et
al. 1986; Mégessier 1988), this method suffers from sys-
tematic errors. According to Mégessier (1988), there are
two possible sources of error: the employed model fluxes
or the infrared calibration.

Based on these considerations, we decided to use only
Terr determined by Code at al. (1976) and Malagnini et
al. (1986) for the calibration of normal stars, but dis-
carded stars according to the criteria described in the
previous section. We also discarded the very fast rotat-
ing stars, because the structure of the atmosphere and
thus the emerging flux are changed. General data about
the stars were taken from the Bright Star Catalogue of
Hoffleit & Jaschek (1982). The value E(B — V) was cal-
culated according to the procedure described in Sect. 2.
The resulting sample is listed in Table 2.

5.2. Relationship between O.g and P,

Just as the (V-UV) colour indices, the slope of the energy
distribution in the Balmer continuum between 3200 A and
3600 A can be a very good indicator of the effective tem-
perature of the stars for a very wide temperature interval
and can have a linear relationship with @.g=5040/Teg.
In order to determine the relationship between O.g and
&, we have computed the slopes in the Balmer continuum
for all stars of Table 2 by using Eq. (1). The resulting val-
ues of @, are shown in the last column of Table 2. We also
plotted O.g against &, for the reference stars, and derived
the linear least squares fit through the data points.

Figure 3 shows this plot, together with the best fitted
line. We derived the following linear relationship:

O =a+b-9, (6)

where a = 0.605+0.015

and b =0.334 £ 0.007

As far as the errors on Teg(®,) are concerned, we
computed them by taking into account the contributions
from different terms, according to the standard propaga-
tion theory of errors:

07y =A- (00 + B0} + P (0} + B’} + SP0R)|E (1)

where A=T.g?/5040, o, and o refer to the errors in the
coefficients of the calibration and o4 is the error in the
slope of the energy distribution. The values og and o g are
equal to 0.048 and 0.03 respectively, and correspond to the
errors in the slope S of the mean interstellar extinction law
and in the colour excess E(B — V). In the case of stars
with E(B — V) < 0.03, the energy distribution was not
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Table 2. The stars with well known temperatures used as standards taken from Code et al. (1976) and Malagnini et al. (1986).

If Teg is given in both sources the mean value is quoted

HR Name  Sp.type V. (B=V)EB=-V) Teg Te(®Pu) O Tt (Pu) [
(mag) (mag) (mag) (K) (K) (K)

269 u And A5V 3.87 +0.13 -0.02 8070 7880 280 0.102
591 « Hyi FoOV 2.86 +0.28 -0.02 7120 7020 240 0.339
1122 6 Per B5 III 3.01 -0.13 0.04 13840 13290 930 -0.676
1756 X Lep B0.5 IV 4.29 -0.26 0.03 27580 27270 2730 -1.258
1790 ~ Ori B2 III 1.64 -0.22 0.02 21580 21700 1800 -1.116
2421 v Gem A0IV 1.92 +0.00 0.03 9260 8900 290 -0.116
2943 o CMi F5 IV-V 0.38 +0.42 -0.02 6520 6340 280 0.568
3685 f Car A2 1V 1.68 +40.00 -0.05 9240 8910 260 -0.117
3775 6 UMa F61IV 3.17 +0.46 0.00 6360 6450 310 0.527
3982 « Leo B7TV 1.35 -0.11 0.01 12210 12540 540 -0.608
4295 B UMa A1V 2.37 -0.02 -0.04 9170 9200 300 -0.172
4357 6 Leo A4V 2.56 +40.12 0.00 8080 8080 260 0.056
4534 S Leo A3V 2.14 +0.08 0.00 8850 8720 300 -0.080
4540 B Vir FoVv 3.61 +40.55 0.00 6040 6150 300 0.641
5132 € Cen B1 III 2.30 -0.22 0.03 25740 26450 2560  -1.241
5191 n UMa B3V 1.86 -0.19 0.02 16720 17200 1090 -0.934
5264 p Vir A3V 4.26 +0.10 0.01 8420 8290 240 0.009
5404 6 Boo F7V 4.05 +0.50 0.01 6240 6430 290 0.534
5447 o Boo F2V 4.46 +0.36 0.00 6940 7280 270 0.262
6556 o Oph A5 III 2.08 +40.15 0.00 7970 8040 260 0.066
6879 € Sgr B9.5 III 1.85 -0.03 0.02 9460 8930 280 -0.120
7001 « Lyr A0 Va 0.02 +0.00 0.02 9660 9830 320 -0.276
7528 & Cyg B9.5 IV 2.87 -0.03 0.02 9880 9820 320 -0.276
7557 o Aql ATV 0.76 +0.22 0.02 8010 8040 270 0.065
7790 o Pav B2 1V 1.94 -0.20 0.02 17880 17560 1240 -0.952
7906 o Del B9 IV 3.77 -0.06 0.01 10960 11110 400 -0.453
8425 o« Gru B7IV 1.74 -0.13 -0.02 14050 14860 750 -0.796
8728 a PsA A3V 1.16 +40.09 0.00 8670 8900 310 -0.115

corrected for interstellar reddening, so we have taken into
account only the errors in the coeflicients of the calibration
and the error in the slope of the energy distribution.

To test the validity of the calibration obtained, we ap-
plied Eq. (6) to the stars of Table 2 and compared the
computed temperatures Tes(P,) reported in Col. 8 with
"standard” values Tes reported in Col. 7. A comparison
of the values from Cols. 7 and 8 shows no pronounced
systematic discrepancies between them. The correlation
coefficient between two sets of data is equal to » = 0.998.
Therefore, we can use the relationship (6) and (7) for the
determination of the effective temperatures and the re-
lated errors of B, A and F main sequence stars. We would
like to note that for program stars with T.g > 27000 K,
the calibration curve was extrapolated.

6. Results and discussion

We applied the previously derived calibration to the 235
program stars. Table 3 gives for each star identified by
its HR and HD numbers, the spectral class, colour excess
E(B — V), Balmer jump, temperature and error obtained
from the relationships (2), (6) and (7), respectively.

The values of T.g derived here are compared to the
values given by Gulati et al. (1989) for 29 common stars

with Teg > 10000 K (see Fig. 4). We have also included
stars with T.g > 27000 K in order to evaluate the influ-
ence of the extrapolation of our calibration curve on the
determination of the T.g for the hottest stars. In the Gu-
lati et al. (1989) compilation the effective temperatures
are derived from the colour factor QUV, colour index
(m1965— V) and (B — V). The authors have corrected the
far-UV data for interstellar extinction using the interstel-
lar extinction curves of Meyer & Savage (1981) for twelve
regions on the sky and have derived twelve calibrations
one for each region. In Fig. 4, the circles indicate T.g de-
rived from the colour factor QUV, the crosses indicate Teg
derived from the colour index (m1965— V) and squares
indicate T.s derived from (B — V) versus T.g derived
from &,. As we can see from Fig. 4, in most of the cases
(with the exception of four stars) Teg derived from &, are
systematically higher than Teg(QUYV), Teg(m1965-V) and
Tes(B—V), by about 1630 K, 1490 K and 1390 K, respec-
tively. This discrepancy cannot be the result of systematic
errors in the correction of the slopes for interstellar red-
dening, because most of the common stars are unreddened
stars. So, we have one star with F(B — V) = 0.12, eight
stars with 0.05 < E(B — V) < 0.12 and twenty stars with
E(B — V) < 0.05. On the other hand, the discrepancy is
present in both the far-UV colour indices and the visible

© European Southern Observatory * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1995A%26AS..110..553S

3S.

FT995ACAS. “T10: !

N.A. Sokolov: The determination of T.g of B, A and F main sequence stars

LI S R R B B S B B B N S B R N B RN BN BN N

0.8 -

~ 0.6 4

¥ -

('™ L .
'™
11}

<] i

0.4F -

F 4

0.2 b

PN SN T NN SN SN SN SN NN SN U SN N SN NS SO NN TN SN N S 1
-1.0 . -0.5 0.0 0.5
SLOPE

Fig. 3. Temperature calibration. Correlation between O.g
= 5040/ T.g¢ and the slope of the energy distribution from
3200 A to 3600 A

colour index (B — V) for which the mean interstellar law
is more reliable. Most likely the discrepancy is due to the
calibration of the colour indices in the work of Gulati et
al. (1989) or to our calibration of the slope in the Balmer
continuum. Gulati et al. (1989) used 120 stars as reference
stars for which T.g have been determined by either direct,
semidirect or indirect methods in order to establish the
Teq calibrations of suitable colours and/or colour factor.
Moreover, the authors used both main sequence stars and
supergiant stars. It should be noted that for the early-
type B supergiants there are systematical disagreement
between T.s derived from the integration of the spectral
energy distribution and 7.g derived from the analysis of
the relative strengths of temperature-sensitive lines of the
same element. Underhill et al. (1979) suggested that the
large differece between the high values of T.g derived from
the line spectrum and the low Teg derived from the inte-
grated flux, is due to the fact that the lines are formed in
the hotter chromospheric region. Furthermore, Remie &
Lamers (1982) have suggested that the discrepancy might
be due to the blanceting by the far UV lines in the stellar
wind of the supergiants. In the present work we obtained
the linear relationship between T and the slope of the
Balmer continuum by using only “normal” main sequence
stars.

To check our calibration, we have compared the
temperatures derived from &, with those obtained by
Underhill et al. (1979), Kontizas & Theodossiou (1980),
Theodossiou (1985), Morossi &  Malagnini (1985).
Underhill et al. (1979) used the infrared flux method and
Kontizas & Theodossiou (1980) and Theodossiou (1985)
compared the observed ultraviolet and visual energy dis-
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tributions with the grid of the model atmospheres of
Kurucz (1979), using an approach very similar to that of
Morossi & Malagnini (1985).

The agreement between T.q(®,) and Teg(UDPD), ob-
tained by Underhill et al. (1979), for the 49 hot stars in
common appears to be very good, as illustrated in Fig. 5
and is confirmed by the following results: the mean differ-
ence between the two sets of data AT.g = 42 K, with a
linear correlation coefficient r = 0.970, and o = 1.067 for
the slope of the regression line of Teg( @y ) vs. Teg(UDPD).

For the subset of 64 stars in common with
the data from Kontizas & Theodossiou (1980) and
Theodossiou (1985), good agreement is also found
between Teg(®,) and Teg(KT&T) (ATes = 134K,
r=0.990, oo = 1.007), as shown in Fig. 6.

In addition, we have compared the T.g(®,) with
Teg(MM) from the work by Morossi & Malagnini (1985)
for 83 common stars. A comparison gives the following
results: AT = 353 K, r = 0.984, a = 0.941 and the plot
of Ter(P,) versus Teg(MM) is given in Fig. 7. We have
not taken into account the fact that for some stars Un-
derhill et al. (1979) and Kontizas & Theodossiou (1980),
Theodossiou (1985) have adopted a log g value different
from those used by Morossi & Malagnini (1985) as re-
ported in their Table 2.

LML LN L B L L L B B
30000.0 |-
E L
b L
o L
« L
& 200000
[ L
10000.0
Lol v a1y T T OO O T B N S B B B
10000. 0 20000. 0 30000. 0
Teff (K)

Fig. 4. Comparison of T.g derived by Gulati et al. (1989) from
QUYV (circles), (m1965— V) (crosses) and (B — V) (squares)
with T.g derived in this work

Generally, there are no significant differences between
the temperatures derived from &, and the temperatures
derived from fluxes by other authors. The agreement be-
tween Teg(Py) and Teg derived from different sources for
stars with Teg > 27000 K is also good, thus supporting
the reliability of the extrapolation of the calibration curve.
The difference between the temperatures derived in Gulati
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Fig. 5. Comparison of T.g(UDPD) derived by Underhill et
al. (1979) with T.s derived in this work
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Fig. 6. Comparison of T.g(KT&T) derived by Kontizas &
Theodossiou (1980) and Theodossiou (1985) with T.g derived
in this work

et al. (1989) and the temperatures derived in the present
work is, most likely, due to the fact that the authors have
used two different sets of data in order to establish the T.g
calibrations. On the other hand, if we take into account
the errors on temperatures as given by Gulati et al. (1989)
and in the present work, then the disagreement between
the two sets of data is no more than one sigma error.
Taking into account the observational uncertainties of
the slope, the calibration errors, as well as the errors
in the mean interstellar extinction law and in the val-
ues E(B — V), we have calculated the error of T.g for
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Fig. 7. Comparison of T.s(MM) derived by Morossi &
Malagnini (1985) with Teg derived in this work

each star of the our sample. The statistical errors of the
temperature determination range from 4% for stars with
T.g < 10000 K up to 10% for stars with T.g < 20000 K.
In our study we have used only normal main sequence
stars, but this method can be extended to other kinds
of stars. For example, Stepien & Dominiczak (1989) have
shown that the energy distribution of Ap stars and the
normal main sequence stars in the Balmer continuum near
the Balmer jump (at least the slope) is similar (see Fig. 2
of Stepien & Dominiczak 1989). In this way, probably, our
method can be applied directly to Ap stars, using a tem-
perature calibration based on main sequence stars.

7. Conclusions

The present study shows that the slope of the Balmer con-
tinuum between 3200 A and 3600 A can be a very good
estimator of Tegx for B, A and F main sequence stars.
We have determined the T.x for 235 B, A and F main
sequence stars from the continuum between 3200 A and
3600 A by using the very accurate energy distribution of
the stars measured by Pulkovo astronomers. Reliable re-
sults can be expected for 6000 K < T.g < 27000 K. In the
case of the hottest stars with Teg > 27000 K the method
is applicable, but the temperatures are less reliable.

From comparison of our Teg with the T.g derived with
different approaches and from different sets of observa-
tions we concluded that there is good agreement between
the Teg for the subsets of the stars in common, except for
the case of Gulati et al. (1989) determinations.

In conclusion we state that the slope of the Balmer
continuum determined between 3200 A and 3600 A is a
useful tool for the determination of T.g, with statistical
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errors comparable to those reported for others more costly
methods.
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Table 3. Balmer jumps, the effective temperatures and their errors for the 235 program stars

HR HD Sp.Type E(B-V) D Teg 0T, HR HD Sp.Type E(B-V) D Ter 0T,
(mag)  (dex) K) (K) (mag) (dex) K) (X)

21 432 F2 III-IV -0.01 0.425 6810 270 1931 37468 09.5 V 0.07 0.070 33000 5000
26 560 B9V 0.00 0.441 12420 610 1937 37507 A4V 0.01 0.549 8760 360
63 1280 A2 'V 0.01 0.556 8720 270 1946 37711 B3IV 0.07 0.238 19470 1830
100 2262 A7V -0.03 0.512 7670 240 1952 37756 B2 IV-V 0.04 0.155 23940 2920
114 2628 A7 III 0.04 0.462 7690 350 1956 37795 B7 IV 0.01 0.345 13870 630
197 4247 F1 III-1V 0.01 0.322 7400 280 1983 38393 F6 V 0.00 0.264 7220 320
220 4622B9V 0.01 0.502 11330 470 1996 38666 09.5 V 0.05 0.046 32700 5100
269 5448 A5V -0.02 0.559 7880 280 1998 38678 A3V 0.01 0.535 9080 290
403 8538 A5 III-IV  -0.02 0.565 8090 330 2020 39060 A5 V 0.02 0.490 8230 350
520 10939 A1V 0.02 0.565 10090 370 2056 39764 B5 V 0.02 0.285 16930 1040
553 11636 A5V -0.02 0.524 8250 300 2085 40136 F1 III 0.02 0.360 7210 310
569 11973 F0V -0.02 0.418 7110 310 2088 40183 A2 1V -0.02 0.557 8340 260
580 12216 A1V -0.03 0.577 9410 290 2106 40494 B2.5 IV 0.04 0.248 16870 1300
591 12311 F0V -0.02 0.456 7020 240 2128 40967 B5 III 0.04 0.245 17790 1470
623 13174 F2 III -0.01 0.447 6430 230 2155 41695 A1V 0.02 0.554 9800 380
669 14191 A1V -0.01 0.565 10010 360 2244 43445 B9V -0.01 0.468 11920 470
674 14228 B8 IV-V -0.02 0.371 14180 670 2282 44402 B2.5V 0.04 0.228 20950 1980
718 15318 B9 III 0.01 0.511 11300 430 2361 45813 B4 V 0.02 0.257 18800 1330
789 16754 A2V 0.01 0.535 9180 290 2421 47105 A0 IV 0.03 0.601 8900 290
804 16970 A3V 0.00 0.537 8360 240 2451 47670 B8 III -0.01 0.384 12350 560
890 18537 B7V 0.08 0.364 12910 850 2484 48737 F5 111 0.00 0.318 6420 260
963 20010 F8 V 0.00 0.249 6110 240 2550 50241 AT IV 0.01 0.507 7440 240
1038 21364 B9V -0.02 0.386 12730 580 2571 50707 B1 IV 0.03 0.098 26650 2690
1122 22928 B5 III 0.04 0.333 13290 930 2619 52092 B3V 0.05 0.245 19530 1880
1338 27290 FO V 0.01 0.369 7180 300 2845 58715 B8V 0.01 0.446 11710 490
1380 27819 ATV -0.05 0.525 7840 290 2922 60863 B8 V -0.01 0.359 14790 820
1394 28052 FO V -0.05 0.496 7170 360 2943 61421 F51IV-V  -0.02 0.317 6340 280
1412 28319 A7 III -0.02 0.530 7690 320 2944 61429 B8 IV -0.01 0.387 13270 630
1444 28910 A8V 0.02 0.462 7730 330 2961 61831 B2.5V 0.04 0.234 22480 2320
1473 29388 A6 V -0.06 0.555 7990 290 3116 65551 B2.5 IV 0.05 0.221 20940 2060
1479 29488 A5V 0.00 0.551 8540 340 3159 66591 B3V 0.04 0.128 24090 2830
1617 32249 B3V 0.02 0.196 21730 1900 3192 67797 B5 IV 0.02 0.270 19930 1490
1621 32309 B9.5 V 0.00 0.476 10910 420 3204 68217 B2 IV-V 0.06 0.194 22080 2450
1666 33111 A3 III 0.05 0.561 8710 380 3240 69081 B1.5 1V 0.07 0.137 24680 2860
1679 33328 B2 1V 0.03 0.115 23750 2250 3270 T0060 A7 III 0.02 0.475 7930 370
1696 33802 B8V 0.00 0.347 12050 550 3283 70556 B2 IV-V 0.06 0.174 26150 3390
1705 33949 B9 V -0.03 0.383 12980 570 3314 71155 A0V 0.00 0.533 9910 340
1735 34503 B5 III 0.05 0.315 14090 870 3330 71510 B2V 0.09 0.231 23210 2610
1756 34816 B0.5 IV 0.03 0.074 27280 2730 3442 74146 B4 IV 0.05 0.275 18110 1510
1762 34968 A0V -0.03 0.522 10720 440 3447 74195 B3 IV 0.02 0.246 16500 1010
1765 35039 B2 IV-V 0.08 0.169 21520 2190 3457 74375 B1.5 III 0.12 0.132 27600 3630
1770 35149 B1V 0.12 0.121 24190 2800 3467 74560 B3 IV 0.03 0.244 21430 1900
1790 35468 B2 II1 0.02 0.166 21700 1800 3468 74575 B1.5 III 0.08 0.123 22990 2380
1791 35497 BT III -0.01 0.341 13410 610 3476 74753 BO III 0.01 0.060 29660 3330
1810 35708 B2.5 IV 0.07 0.180 21050 2170 3485 T4956 A1V 0.02 0.567 9320 290
1811 35715 B2 1V 0.03 0.114 24130 2060 3574 76805 B5V 0.05 0.312 17330 1340
1839 36267 B5V 0.02 0.288 18120 1280 3659 79351 B2 IV-V 0.06 0.219 20880 2040
1855 36512 BOV 0.05 0.042 32900 5200 3685 80007 A2 1V -0.05 0.609 8910 260
1876 36822 B0 III 0.14 0.069 29840 4270 3734 81188 B2 IV-V 0.07 0.195 22120 2250
1892 37018 B1 V 0.08 0.104 27700 3560 3753 81848 B6 V 0.04 0.305 19130 1950
1899 37043 O9 III 0.07 0.057 32200 5050 3775 82328 F6 IV 0.00 0.320 6450 310
1928 37438 B3 IV 0.05 0.208 22940 2740 3856 83944 B9 IV-V 0.00 0.450 11620 510
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Table 3. continued

HR HD Sp.Type E(B-V) D Tef 0T, HR HD Sp.Type E(B-V) D Ter 0T,

(mag)  (dex) (K) (X) (mag) (dex) X) (K)
3982 87901 BTV 0.01 0.402 12540 540 5487 129502 F2 II1 0.04 0.314 6820 240
4023 88955 A2 'V 0.00 0.555 8890 280 5511 130109 A0V 0.01 0.546 10110 340
4102 90589 F2 IV 0.00 0.307 7320 260 5576 132200 B2 IV 0.05 0.177 19890 1830
4295 95418 A1V -0.04  0.565 9200 300 5685 135742 B8 V -0.01 0.410 13250 660
4357 97603 A4V 0.00 0.546 8080 260 5695 136298 B1.5 IV 0.04 0.112 20990 2000
4390 98718 B5 V 0.03 0.256 15190 1220 5708 136504 B2 IV-V  0.07 0.204 23410 2510
4467 100841 B9 III 0.03 0.531 10370 350 5776 138690 B2 IV 0.04 0.170 22210 2210
4520 102249 A7 III -0.04 0.554 7870 260 5793 139006 A0 V 0.00 0.554 9860 330
4534 102647 A3V 0.00 0.536 8720 300 5812 139365 B2.5 V 0.04 0.223 21770 2140
4537 102776 B3 V 0.06 0.237 19620 1880 5881 141513 A0V -0.02 0.504 10440 400
4540 102870 F9 V 0.00 0.288 6150 300 5897 141891 F2 III -0.05  0.401 7050 230
4549 103079 B4 V 0.08 0.277 20560 2020 5928 142669 B2 IV-V  0.05 0.170 21150 2010
4554 103287 A0 V 0.02 0.575 9390 320 5948 143118 B2.5 IV 0.00 0.157 21490 1630
4603 104841 B2 1V 0.16 0.223 25700 3430 5953 143275 B0.3 IV 0.17 0.101 29640 4310
4638 105937 B3 V 0.06 0.259 20380 1840 5986 144284 F8 IV -0.01  0.300 6120 320
4656 106490 B2 IV 0.01 0.137 22570 1840 5993 144470 B1 V 0.21 0.111 27460 3480
4679 106983 B2.5 V 0.06 0.217 22820 2460 6165 149438 BO V 0.06 0.072 28060 3620
4689 107259 A2 IV -0.03 0.569 9370 360 6252 151985 B2 IV 0.03 0.137 21650 1730
4743 108483 B2 V 0.06 0.185 22350 2330 6378 155125 A2V 0.01 0.566 8740 310
4757 108767 B9.5 V 0.00 0.508 10350 340 6396 155763 B6 II1 0.02 0.368 13430 650
4798 109668 B2 IV-V 0.05 0.160 21900 2170 6436 156729 A2V 0.00 0.540 8860 390
4802 109787 A2 'V 0.00 0.553 8560 230 6446 156928 A2V -0.02  0.593 9130 760
4819 110304 A1 IV -0.03 0.577 9330 280 6453 157056 B2 IV 0.03 0.154 22950 1860
4844 110879 B2.5 V 0.05 0.205 21640 2090 6500 158094 B8 V 0.00 0.417 12790 560
4848 110956 B3 V 0.04 0.248 22000 2440 6508 158408 B2 IV 0.02 0.164 22490 1840
4853 111123 B0.5 III 0.06 0.093 26650 3270 6537 159217 A0V -0.01  0.547 9780 360
4897 112078 B4 V 0.04 0.264 19730 1830 6556 159561 A5 III 0.00 0.530 8040 260
4898 112092 B2 IV-V 0.06 0.187 24410 3160 6561 159876 FO IV -0.03  0.456 6950 260
4993 114911 B8 V 0.02 0.380 16130 960 6580 160578 B1.5 III 0.04 0.132 23170 2400
5028 115892 A2V -0.01 0.553 9030 290 6588 160762 B3 IV 0.03 0.238 18090 1190
5035 116087 B3 V 0.08 0.257 23970 3080 6629 161868 A0V 0.06 0.568 10340 480
5107 118098 A3 V 0.02 0.513 8280 230 6789 166205 A1V 0.00 0.572 9070 270
5132 118716 B1 III 0.03 0.130 26450 2560 6879 169022 B9.5 III 0.02 0.549 8930 280
5168 119756 F3 IV 0.00 -0.304 7080 270 7001 172167 AO Va 0.02 0.584 9830 320
5185 120136 F6 IV 0.02 0.303 6640 370 7039 173300 B8 III -0.01 0.395 12550 520
5190 120307 B2 IV 0.03 0.138 22570 1810 7069 173880 A5 III -0.02  0.507 8070 290
5191 120315 B3V 0.02 0.255 17200 1090 7121 175191 B2.5V 0.01 0.217 21680 1980
5216 120874 A3V 0.00 0.522 8840 270 7236 177756 B9 V -0.02  0.455 12010 480
5221 120955 B4 IV 0.05 0.285 17910 1460 7337 181454 B9V -0.03 0.414 13630 660
5231 121263 B2.5 IV 0.00 0.143 21030 1600 7340 181577 FOIV-V  -0.08 0.511 8230 390
5248 121743 B2 IV 0.03 0.170 22540 1840 7348 181869 B8 V 0.00 0.410 12370 500
5249 121790 B2 IV-V 0.05 0.176 21820 2200 7371 182564 A2 II1 -0.02 0.576 8420 410
5264 122408 A3 V 0.01 0.592 8290 240 7377 182640 F3 IV -0.06  0.403 6880 240
5267 122451 B1 III 0.04 0.108 26720 3260 7469 185395 F4 V -0.03  0.289 7180 290
5285 122980 B2 V 0.04 0.179 23410 2740 7528 186882 B9.5 IV 0.02 0.525 9820 320
5354 125238 B2.5 IV 0.04 0.216 19900 1770 7546 187362 A3V 0.01 0.531 8320 440
5367 125473 A0 IV -0.01 0.523 10530 390 7557 187642 ATV 0.02 0.470 8040 270
5404 126660 F7 V 0.01 0.269 6430 290 7560 187691 F8 V 0.02 0.284 6360 360
5425 127381 B2 III 0.05 0.134 25980 3250 7590 188228 A0V -0.01 0.521 11230 430
5447 128167 F2 V 0.00 0.305 7280 270 7710 191692 B9.5 IIT -0.02 0.524 11250 430
5469 129056 B1.5 III-V 0.06 0.136 21820 2160 7790 193924 B2 IV 0.02 0.215 17560 1240
5471 129116 B3V 0.04 0.208 24480 2990 7848 195627 F1 III -0.03  0.401 7230 330
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Table 3. continued

HR HD Sp.Type E(B-—V) D T 0T,

(mag) (dex) X)) X)
7852 195810 B6 III 0.01 0.325 15190 820
7882 196524 F5 1V 0.01 0.314 6240 270
7906 196867 B9 IV 0.01 0.481 11110 400
7913 197051 A7 III -0.04 0.577 8300 300
7950 198001 A1V -0.02 0.593 9320 300
8001 199081 B5 V 0.03 0.288 17190 1230
8028 199629 A1V 0.00 0.571 9890 440
8162 203280 A7V 0.02 0.482 7460 270
8351 207958 F'1 III 0.06 0.312 7600 350
8353 207971 B8 III -0.02 0.392 12380 510
8418 209819 B9 IV-V 0.00 0.409 13530 630
8425 209952 B7 IV -0.02 0.347 14860 750
8431 210049 A2V 0.00 0.558 8640 260
8494 211336 FO IV -0.01  0.450 7220 260
8518 212061 A0V -0.03 0.525 10650 350
8628 214748 B8 V -0.01 0.395 12840 550
8641 214994 A1 1V -0.03 0.558 10050 410
8663 215573 B6 IV 0.00 0.312 16440 990
8665 215648 F'6 III-IV 0.03 0.252 6730 330
8675 215789 A3V -0.01 0.561 7900 210
8695 216336 A0 III -0.02 0.495 10600 410
8709 216627 A3V -0.04 0.585 8450 270
8717 216735 A1V -0.02 0.552 9980 440
8728 216956 A3V 0.00 0.546 8900 310
8781 218045 B9 V 0.03 0.567 10220 340
8848 219571 F1 III 0.09 0.333 7600 300
8976 222439 B9 IV -0.01 0.461 12030 520
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